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Abstract 
Electrochromic (EC) windows are installed in a window system testbed in Minhang, Shanghai which consists of two side-by-side 
meeting rooms. In one room, twelve EC windows with a visible transmittance Tv range of 0.01–0.59 were installed. In the other 
room, low-e glass windows with inside shade were installed as reference. Eight-four subjects worked in those two rooms. This 
study analysis subjects responses and physical data in the room with EC windows and compares it with them in the other room. 
The results show that light level control, color of the glass and glare control have strong and significantly positive correlation 
with overall satisfaction with EC windows. The rating in light level, feel of space luminance and glare sensation are significant 
difference between two rooms. EC windows in Room A did very well in control indoor glare, but reduced the indoor brightness. 
© 2015 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the organizing committee of ISHVACCOBEE 2015. 
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1. Introduction 
Electrochromic (EC) glazing is a new type of smart window. When compared to ordinary glass and Low-e glass, 
it can offer dynamic and responsive control of visible transmittance Tv [1], and then control indoor illuminance, 
reduce glare and improve indoor light environment. When compared to interior shades, it can offer dynamic service 
according to the solar radiation and doesn’t block out the window view totally at the same time, which is better to 
the users’ psychological feelings. 
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Along with the development of corresponding products and EC windows application in construction, the present 
study focuses on their effect on building energy consumption and indoor thermal and light environment [2, 3], 
especially through software simulation [4] and small experiment model [5]. But little has been published about their 
acceptability. In some conditions EC windows can’t completely eliminate glare. When the windows are tinted, the 
color becomes blue, which may have an impact on the uses’ psychological feelings. In the process of tinting, the 
distribution of glass’ color is uneven, too [6].  
2. Methods 
In this study, a window system testbed facility was built in an office building, Minhang, Shanghai˄31°Nˈ
121°23′E˅. The facility consisted of two identical side-by-side meeting rooms with nearly identical building 
materials and indoor setting, which were both in everyday use (Fig.1). Each test room was 5.7m˄wide˅×5.8m
˄deep˅×3m˄high˅and had a 5.7m˄wide˅×3m˄tall˅glass curtain wall facing 18° south by east. In each 
room, the glass curtain wall consisted of 12 pieces glasses of nearly equal size. The windows in each test room were 
minimally obstructed. In the east room (Room A), an array of EC windows (SAGE glass®, Saint-Gobain Group) 
with a visible transmittance Tv range of 0.01-0.59 were installed. In the west room (Room B), low-e glasses and 
interior shades were installed. In each room, the glass curtain wall consisted of 12 pieces glasses of nearly equal size. 
  
Fig. 1. Interior view and indoor setting of the test facility. Room A is to the east  (left) and Room B is to the east (right). 
A series of questionnaire surveys were conducted in late July 2014, sunny or partly cloudy days, which included 
5 sessions in Room A and 4 sessions in Room B. The sessions were from 14 to 15:15 with about 8 subjects in each 
one. Before questionnaires, the indoor temperature was set to 25ć and windows and doors were closed. EC 
windows in Room A were in the automatic control mode and interior shades in Room B were raised and subjects 
were told that they could adjust EC windows, interior shades and lights any time during the sessions. When it was 
time to start, subjects were then told that they could begin their own work and the experimenter left the room. An 
hour ago, the subjects were told to fill out the questionnaires online. The questionnaire was based on the 
questionnaire in one of R.D. Clear’s paper (Clear et al. 2006) and was changed in some points according to the 
specific situation.  
All the subjects were staff of the company which the testbed facility belonged to and their main work was about 
research and development and none was directly associated with this research. They were told that this questionnaire 
would not leak their own information. 84 completed questionnaires were received through webpage and 69 were 
valid for further analysis. 
3. Results 
3.1. Satisfaction with EC windows and rank order of the factors affecting the overall satisfaction 
As EC windows haven’t yet been used in buildings widely, this study analyses subjects’ satisfaction with them. 
In the questionnaire, subjects were asked the satisfaction with EC windows’ effect on several main single aspects 
and the overall effect. We use a 5 point scale, with 1=very dissatisfied, 2=not satisfied, 3=just satisfied, 4=satisfied, 
5=very satisfied. The results are shown in Table 1. 
Table 1. Subjects satisfaction with EC windows’. 
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 Mean S.D. Number 
Light level control 3.33 0.817 33 
Glare control 3.59 0.857 34 
Control of reflections on computer monitor 3.18 0.683 33 
View 3.41 0.857 34 
Speed of window tinting /untinting 2.88 0.946 34 
Color of the glass 3.47 0.825 34 
Appearance of the glass 3.24 0.955 34 
Overall 3.44 0.705 34 
 
Table 1 shows that except the rating of speed of window tinting/untinting which is slightly less than 3, the mean 
ratings of others are all greater than 3. Among them, rating on glare control is the highest. Appearance of the glass, 
overall effect, view and light level control also get fine mean ratings, which are all larger than 3.33.  
Rating on EC windows’ single aspect will absolutely influence the overall satisfaction. Table 2 shows how well 
these elements affect overall satisfaction by applying a Spearman rank correlation coefficient, which tests the 
monotonic function. The larger the coefficient values, the closer the relationship between elements. 
Table 2. Spearman rank correlation coefficients of satisfaction with overall satisfaction and single aspect. 
 Overall satisfaction Sig. (two-tailed) 
light level control 0.677 0 
color of the glass 0.663 0 
glare control 0.567 0 
speed of window tinting /untinting 0.499 0.003 
view 0.486 0.004 
control of reflections on computer monitor 0.458 0.006 
appearance of the glass 0.431 0.012 
 
As seen in Table 2, light level control, color of the glass and glare control have the strongest and most 
significantly positive correlation with overall satisfaction with EC windows. The correlations between satisfaction 
with EC windows and speed of window tinting/untinting, view, control of reflections on computer monitor are also 
significant, with a P-value of less than 0.01. 
3.2. Contrast of EC windows and interior shades 
There are both same and different points between EC windows and interior shades in controlling the indoor light 
environment. In this study, questionnaires were conducted in both rooms and then analysis the differences in indoor 
lighting environment and subjects’ feelings. Subjects were asked the evaluation of several aspects in the room they 
were staying. The part of the questionnaire associated with this part of study is shown in Fig. 2 and we also use a 5 
point scale. A simple statistical result is shown in the second to the seventh column in Table 3 and it shows that light 
level, feel of space luminance, color in the room and glare sensation are in big difference in mean value and mode. 
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1) Light level 
Too Dark  Just Right  Too Bright 
1 2 3 4 5 
2) How did the space feel? 
Space feels gloomy  Neutral  Pleasant 
1 2 3 4 5 
3) How was the light distributed in the space? 
Poorly Distributed    Uniformly Distributed 
1 2 3 4 5 
4) What did the light distribution feel like? 
Unpleasant  Neutral  Pleasant 
1 2 3 4 5 
5) How did the colors in the space feel? 
Cool  Neutral  Warm 
1 2 3 4 5 
6) How was the facial appearance of the other participants in the room? 
Unnatural  Neutral  Natural 
1 2 3 4 5 
7) How did colors in the room look? 
Unnatural  Neutral  Natural 
1 2 3 4 5 
8) Please rate the level of glare sensation in your workspace during the session. 
Not Perceptible Perceptible Acceptable Uncomfortable Intolerable 
1 2 3 4 5 
Fig. 2. The part of questionnaire about light environment. 
Table 3. light environment rating in two rooms. 
 
Mean Mode S.D. chi-square 
value 
Sig. (two-
tailed) EC LE EC LE EC LE 
Light level 2.44 3.42 2 3 0.56 0.56 30.650 0.000 
Feel of space luminance 2.83 3.70 3 4 0.77 0.64 19.313 0.001 
Light distribution 3.47 3.45 4 3 0.88 0.79 3.434 0.488 
Feel of light distribution 3.31 3.24 3 3 0.92 0.83 3.468 0.483 
Color in the room 2.42 3.12 2 4 0.91 0.99 19.96 0.001 
Facial appearance 3.36 3.61 2 4 1.13 0.86 5.977 0.113 
Feel of space color 3.22 3.76 3 3 1.07 0.90 7.289 0.063 
Glare sensation 1.81 2.70 1 3 0.95 1.13 11.787 0.019 
 
Chi-square test is a statistical test applied to sets of categorical data to evaluate how likely it is that any observed 
difference between the sets arose by chance and in this study Chi-square test was used to show which aspects 
between two rooms are significantly different. The results are shown in the last two columns in Table 3. It shows 
that there was no statistical difference in light distribution, feel of light distribution, facial appearance and feel of 
space color between two rooms according to the Chi-square test (P˚0.05). However, there was significant 
difference in rating in light level, feel of space luminance, color in the room and glare sensation between two rooms 
(P˘0.05). What’s interesting is that even color in the room was significant different between two rooms, the feel of 
color in the room was not statistical different. So the difference in color didn’t make a big difference. Then light 
level, feel of space luminance and glare sensation were three main and important aspects in analysis the difference 
between EC windows and interior shades in controlling indoor lighting environment.  
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3.3. Illuminance and glare 
From the above we can conclude that light level, feel of the space brightness and glare sensation are three main 
different elements between the two rooms. Further analysis has been done below. Fig. 3 shows the rating 
distribution of these three elements in two rooms. As shown in Fig. 3(a), in Room A, 97.2% of the subjects felt that 
the light level was “2”(between too dark and just right) and “3”(just right), and in Room B, 97% of the subjects felt 
that the light level was “3”(just right) and “4”(between just right and too bright). It suggests that EC windows 
overall overly reduces the indoor luminance and illuminance, but it is acceptable to the majority of subjects. Fig. 4 
shows the relationship between the light level rating in the questionnaires and the illumination on the subject’s 
location. As seen in Fig. 4, for the same illuminance, different subjects make different rating. Compare the two 
rooms and we can find that in different light environments, the distribution intervals of locational illuminance 
belonging to the same rating were also very different. In Room A, average illuminance of the assessment “3” was 
358lx, while it was 703lx in Room B.  
 
 
Fig. 3. Rating distribution in two rooms. 
 
Fig. 4. Relationship between light level rating and illumination on the corresponding subject’s location. 
As shown in Fig. 3(c), in Room A 52.8% of the subjects completely didn’t feel glare, the other subjects might 
perceive glare, but almost everyone agreed that it was acceptable. While in Room B, only 18.2% of the subjects 
completely didn’t feel glare, and there were also 15.2% who felt uncomfortable and 6.1% who felt intolerable. It 
suggests that EC windows in Room A were excellent in controlling indoor glare and without EC windows in Room 
B, some location appeared serious glare, making users feel uncomfortable or even intolerable. 
31% of the subjects in Room A listed one or more glare sources during their sessions and 70% in Room B. The 
most common source was the windows ˄50.00% of total responses in Room A and 59.26% of total responses in 
Room B˅, and there was also a significant number of responses for the reflections on the computer screen(Table 4). 
It shows that as for an office building with large area of glass walls, windows are the biggest source of glare. What’s 
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more, most subjects were using computers during their sessions (94% in both room), so in an office building it was 
absolutely necessary to consider the glare from computer screen. 
Table 4. Source of glare. 
Source of glare 
Room A Room B 
Number Percentage Number Percentage 
Window 6 50.00% 16 59.26% 
Ceiling light 0 0.00% 1 3.70% 
Wall surfaces 1 8.33% 0 0.00% 
Reflections on the computer screen 4 33.33% 5 18.52% 
Seeing the sun 0 0.00% 1 3.70% 
Sunlight falling on interior surfaces 
of the room 0 0.00% 3 11.11% 
Sky 1 8.33% 1 3.70% 
Total of responses 12  27  
4. CONCLUSIONS 
A series of questionnaires were done with eight-four subjects working on their everyday office work in two 
rooms to compare the effect of light control between EC windows and interior shades. Several results were obtained. 
Except speed of window tinting/untinting, subjects were satisfied with all the other EC windows control system. 
Then light level control, color of the glass and glare control had strong and significantly positive correlation with 
overall satisfaction with EC windows. Comparing ratings in light environment between two rooms with Chi-square 
test, it shows that there was significant difference in light level, feel of space luminance, color in the room and glare 
sensation (P˘0.05). EC windows overall overly reduces the indoor luminance and illuminance, but it is acceptable 
to the majority of subjects. EC windows were also excellent in controlling indoor glare in Room A and in Room B 
21.3% of the subjects felt uncomfortable or even intolerable. 
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